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SAND SCREEN WITH INTEGRATED SENSORS 

Technical Field 

The present invention relates to sand screens for use in the production of 
hydrocarbons from wells, and specifically to an improved sand screen having integrated 
sensors for determining downhole conditions and actuators for modifying the sand 
placement efficiency or controlling the production profile during the life of the reservoir. 

Background of the Invention 

Many reservoirs comprised of relatively young sediments are so poorly 
consolidated that sand will be produced along with the reservoir fluids. Sand production 
leads to numerous production problems, including erosion of downhole tubulars; erosion 
of valves, fittings, and surface flow lines; the wellbore filling up with sand; collapsed 
casing because of the lack of formation support; and clogging of surface processing 
equipment. Even if sand production can be tolerated, disposal of the produced sand is a 
. problem, particularly at offshore fields. Thus, a means to eliminate sand production 
without greatly limiting production rates is desirable. Sand production is controlled by 
using gravel pack completions, slotted liner completions, or sand consolidation 
treatments, with gravel pack completions being by far the most common approach. 

In a gravel pack completion, sand that is larger than the average formation sand 
grain size is placed between the formation and screen or slotted liner. The gravel pack 
sand (referred to as gravel, though it is actually sand in grain size), should hinder the 
migration of formation sand. Figure 1 illustrates an inside-casing gravel pack 10. A 
cased hole 8 penetrates through a production formation 6 that is enveloped by non- 
producing formations 2. The formation 6 has been perforated 4 to increase the flow of 
fluids into the production tubing 14. If formation 6 is poorly consolidated, then sand 
from the formation 6 will also flow into the production tubing 14 along with any 
reservoir fluids. A gravel pack 12 can be used to minimize the migration of sand into the 
tubing. A successful gravel pack 12 must retain the formation sand and offer the least 
possible resistance to flow through the gravel itself. 
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For a successfu! grave! pack completion, grave! must be adjacent to the formation 
wtthout having mixed wilh {omatim ^ mi ^ ^ ^ ^ ^ ^ ^ 

the castng or formation must be completed with gravel. Specia! equipment and 
procedures have been developed over the years to accomplish good gravel p!aceme„ t . 
Water or other low-viscosity fluids wem fa, used as transporting fluids in gmve. pack 
operations. Because these fluids could not suspend the sand, <ow sand concentrations and 
htgh ve,oc,«ies were needed. Now, viscosified fluids, most commonly, solutions of 
hydroxyethylcellulose (HEC), are used so that high concentrations of sand can be 
transported without settling. 

Referring to Figures 2a and 2b, the gravel-laden fluid can be pumped down the 
•ubtng casing annulus, after which the carter fluid passes through the sand screen and 
flows back up the tubing. This is the reverse-cimulation method depicted in Figure 2a ' 
The gravel is blocked by a shaded line or wire wrapped screen 16 whi.e the transport fluid 
passes through and mtums to the surface through the tubing 18. A primary disadvantage 
of thts method is the possibility of tost, pipe dope, or other debris being swept out of the 
annulus and mixed with the gravel, damaging the pack petmeabflity. Alternatively, a 
crossover method is used, in which the gravel-laden fluid is pumped down the ,8 
crosses over the screen-hole annu.us, flows into a wash pipe 20 inside the semen, lea^ 
the grave, in the annulus, and then flows up the casing-tubing annulus to the surface, as = 
shown m Figure 2b. ■ ~ 

For inside-casing gravel packing, washdown, reverse-circulation, and crossover 
methods m used as shown in Figures 3a, 3b, and 3c. In the washdown method, the 
gravel 22 ,s pla ced opposite the production interval 6 before the screen 16 is placed, and 
then the screen is washed down to its final position. The reverse-circuladon and 
crossover methods are analogous to those used in open holes. Gravel 22 is firs, placed 
below the perforated interval 4 by circulation through a section of semen called the 
telltale screen 24. When this has been covered, the pressum increases, signahng the . 
begmnmg of the squeeze stage. During squeezing, the carter fluid leaks off to the 
formation, placing gravel in the perforation tonnels. After squeezing, the washpipe is 
ratsed, and the carrier fluid circulates through the production screen, filling th . casin „. 
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production screen annulus with gravel. Gravel is also placed in a section of blank pipe 
above the screen to provide a supply of gravel as the gravel settles. 

In deviated wells, gravel packing is greatly complicated by the fact that the gravel 
tends to settle to the low side of the hole, forming a dune in the casing-screen annulus. 
This problem is significant at deviations greater than 45° from vertical. Gravel placement 
is improved in deviated wells by using a washpipe that is large relative to the screen 
because this causes a higher velocity over the dune in the annulus between the screen and 
the casing by increasing the resistance to flow in the screen- wash-pipe annulus. 

Another form of sand control involves a tightly wrapped wire around a mandrel 
having apertures, wherein the spacing between the wraps is dimensioned to prevent the 
passage of sand. Figures 4 and 5 illustrate such a sand screen 10. The primary sand 
screen 10 is a prepacked assembly that includes a perforated tubular mandrel 38 of a 
predetermined length, for example, 20 feet. The tubular mandrel 38 is perforated by 
radial bore flow passages 40 that may follow parallel spiral paths along the length of the 
mandrel 38. The bore flow passages 40 provide for fluid through the mandrel 38 to the 
■ extent permitted by an external screen 42, the porous prepack body 58 and an internal 
screen 44, when utilized. The bore flow passages 40 may be arranged in any desired 
pattern and may vary in number in accordance with the area needed to accommodate the 
expected formation fluid flow through the production tubing 18. 

The perforated mandrel 38 preferably is fitted with a threaded pin connection 46 
at its opposite ends for threaded coupling with the polished nipple 34 and the production 
tubing 18. The outer wire screen 42 is attached onto the mandrel 38 at opposite end 
portions thereof by annular end welds 48. The outer screen 42 is a fluid-porous, 
particulate restricting member that is formed separately from the mandrel 38. The outer 
screen 42 has an outer screen wire 50 that is wrapped in multiple turns onto 
longitudinally extending outer ribs 52, preferably in a helical wrap. The turns of the outer 
screen wire 50 are longitudinally spaced apart from each other, thereby defining 
rectangular fluid flow apertures Z therebetween. The apertures Z are framed by the 
longitudinal ribs 52 and wire turns for conducting formation fluid flow while excluding 
sand and other unconsolidated formation material. 
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As shown in Figure 5, the outer screen wire 50 is typically 90 mils wide by 140 
mils tall in a generally trapezoidal cross-section. The maximum longitudinal spacing A 
between adjacent turns of the outer wire wrap is determined by the maximum diameter of 
the fines that are to be excluded. Typically, the aperture spacing A between adjacent wire 
turns is 20 mils. 

The outer screen wire 50 and the outer ribs 52 are formed of stainless steel or 
other weldable material and are joined together by resistance welds W at each crossing 
point of the outer screen wire 50 onto the outer ribs 52 so that the outer screen 42 is a 
unitary assembly which is self-supporting prior to being mounted onto the mandrel 38. 
The outer ribs 52 are circumferentially spaced with respect to each other and have a 
predetermined diameter for establishing a prepack annulus 54 of an appropriate size for 
receiving the annular prepack body 58, described hereafter. The longitudinal ribs 52 serve 
as spacers between the inner prepack screen 44 and the outer screen 42. The fines which 
are initially produced following a gravel pack operation have a fairly small grain 
diameter, for example, 20-40 mesh sand. Accordingly, the spacing dimension A between 
adjacent turns of the outer screen wire 50 is selected to exclude sand fines that exceed 20 
mesh. 

Clearly, the design and installation of sand control technology is expensive. Yet, 
there is a drawback to all of the prior art discussed, namely the lack of feedback from the 
actual events at the formation face during completion and production. A need exists for 
the ability to detect conditions at the sand screen and convey that information reliably to 
the surface. Nothing in the prior art discloses a convenient way to provide for the 
passage of the conductors across a sand screen assembly. And yet were sensors to be 
placed inside and around the sand screen numerous benefits would be realized. 

Sensors could be chosen that would.provide real time data on the effectiveness of 
the sand placement operation. Discovering voids during the placement of the sand would 
allow the operator to correct this undesirable situation. Additionally, sensors could 
provide information on the fluid velocity through the screen, which is useful in 
determining the flow profile from the formation. Furthermore, sensors could provide 
data on the constituent content of oil, water and gas. All of these streams of information 
will enhance the operation -of the production from the well. 
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SUMMARY OF THE INVENTION 

The present invention relates to an improved sand screen, and, a method of 
detecting well conditions during sand placement and controls that allow modification of 
operational parameters. The sand screen includes at least one sensor directly coupled to 
the sand screen assembly and at least one actuator capable of affecting sand placement 
distribution, packing efficiency and controlling well fluid ingress. Each of the benefits 
described can be derived from the use of a sensor and actuator integrated into the sand 
screen. 

A variety of sensors can be used to determine downhole conditions during the 
placement of the sand andlater when produced fluids move through the screen into the 
production tubing string. This allows real time bottom hole temperature (BHT), bottom 
hole pressure (BHP), fluid gradient, velocity profile and fluid composition recordings to 
be made before the completion, during completion and during production with the 
production seal assembly in place. One particularly beneficial application for the use of 
sensors on the sand screen includes the measurement and recordation of the displacement 
efficiency of water based and oil based fluids during circulation. A user can also record 
alpha and beta wave displacement of sand. Sensors on the sand screen also allow 
measurement of after pack sand concentrations; as well as sand concentrations and sand 
flow rates during completion. Sensors also allow the determination of the open hole 
caliper while running in hole with the sand screen, which would be very useful in 
determining sand volumes prior to the placement of the sand. Sensors can allow the user 
to record fluid density to determine gas/oil/water ratios during production and with the 
provision for controlling/modifying the flow profiles additional economic benefits will 
result, which will be discussed in more detail below. Temperature sensors can identify 
areas of water entry during production. The use of sensors also allows the determination 
of changes in pressure drops that is useful in determining permeability, porosity and 
multi-skins during production. Sensor data can be used to actuate down hole motors for 
repositioning flow controls to modify the production profiles and enhance the economic 
value of the completion in real time. 
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Sensor data may be fed into microprocessors located either at or near the sensor or 
alternatively at the surface. The microprocessor determines an optimum flowing profile 
based on pre-determined flow profiles and provides a control signal to an actiuator to 
change the flow profile for a particular section of sand screen. A simple embodiment of 
this is shown in Figure 10. An electric motor could be energized, based on the control 
signal, and the motor could operate a compact downhole pump. As the pump displaces 
fluid into a piston chamber, the piston would be urged to a new position and the attached 
flow control would then modify the production profile of that portion of sand screen. 
Many alternative flow controls could also be operated in a similar fashion. 

Furthermore, in general, most gravel pack assemblies, which includes the sand 
screen assembly, are run into the wellbore and spaced across a single zone to be gravel 
packed. If several zones are to be gravel packed within the same wellbore, then a 
separate gravel pack assembly must be run into the wellbore for each zone. Each trip into 
the weUbore requires more rig time with the attendant high operating cost.related to time. 
Recent technology offers a gravel pack system, which allows the operator to run a gravel 
pack assembly that is spaced across multiple producing zones to be gravel packed. Each 
zone is separated and isolated from the other zones by a downhole packer assembly. This 
multi-zone gravel pack assembly is run into the wellbore as a single trip assembly which 
includes the improved sand screen with sensors and actuators. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention are set forth in the 
appended claims. The invention itself, however, as well as a preferred mode of use, further 
objects and advantages thereof, will best be understood by reference to the following 
detailed description of an illustrative embodiment when read in conjunction with the ' 
accompanying drawings, wherein: 

Figure 1 is a sectional view across a well showing a prior art gravel pack 
completion; 

Figures 2a and 2b illustrate methods of gravel placement in open-hole or under- 
reamed casing completions; 

Figures 3a, 3b, and 3c illustrate gravel placement methods for inside casing 
gravel packs; 

Figures 4 and 5 illustrate prior art gravel packs wherein a wire having a 
trapezoidal cross section is used to wrap the gravel pack; 

Figure 6 is a block diagram of a sensor used in the present invention 

Figures 7a, 7b, 7c and 7d illustrate a novel sensor and power wire placement in 
accordance with the present invention; 

Figures 8a and 8b illustrate another embodiment of the present invention wherein 
the power wire is located in a hollow wire used to wrap the gravei pack assembly; 

Figures 9a and 9b illustrate the sensor placement along the inside mesh of the 
gravel pack assembly; and 

Figure 10 shows an actuator and flow control system. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Tta present invennon rda.es to a„ improved sand sereen that incorporates sensors . 
and a means for convening th e sensor data to the surface. In each embody a, ,eaa, 
one sensor ,s a tt ached to a sand screen Cement. Information from the sensor may be ■ 
convex (0 me surface by either a direct wftehne connection or by a Emitter or a 
combmabon of the two. When a microptocessor is included in me downhole system 
sendmg reformation to the surface is redundant and may not need to occu. Any number 
of sensor types can be used. For example, a pmssum sensor and/or temperature sensor 
n provrde partly important feedback on we,, conditions. By P ,acin g the sensors 
on the sand sc.cn, the we,, condition data is measured and retrieved immedtate.y and 
any associated action may be performed by me integrated actuatota. Thus, dangerous 
well condttions such as a b.owou, are detect before me effects damage surface 
equtpmen, or injure personnel Typica„y, pressure measurements are o„,y taken a. the 
surface, often re.aying information ,00 ,a.e, or, the sensors are p.aced ,00 distant from the 
„ d *ree„ , to provide any usefu, information tegarding the sand p.acemen, operations.. 

at ! T ^ mitigaa " g "*™ 10 b = '*» ™ "* - «*-«• an 
c uamr to enhance sand disftibuUon or Cosure o, a subsurface flow contro, ,o op imiae 

the production profile. - 

For pmpoaea of this disclosure, the sensor could be a pressure sensor a 
temperature sensor, a pie.o-electric acoustic sensor, a flow meter for determining flow 
rate, an aecelerometer, a resistivity aensor for determining water content, a velocity 
sensor, or any other sensor that measures a fluid property or physica, parameter. The term 
" S h b= "* '° '"^ ^ ° f ^ sensors as we,, as any others ma, a re 

T"„ L~ envir ™ and <° — — • «*» * 

« Mock dtagram o, a sensor configumtion as used by the present invention. The 
sensor !02 can be powered by a battery X08, in one embodiment, or by a wired to a 
powersoumeinanotherembodiment. Ofcourae, a battery has a limited uae,u„.fe 
Howeve, ft might be adequate i, me sensor data was only needed for a limited period of 
hme. Ukewtse, a transmitter 1U could be used to send data from the sensor ,0 a surface 

He ^ ta " Smitter C ° Uld * ~ — could 

also be fitted wfth a tranaciver , I2 ,„„, W „„ M 3 „„ w ., ,„ ^ 
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example, to conserve battery power, the sensor might only be activated upon receipt a 
"turn on" command. The sensor might also have a microprocessor 106 attached to it to 
allow for manipulation and interpretation of the sensor data. Likewise, the sensor might 
be coupled to a memory 104 allowing it to store information for later batch processing or 
batch transmission. Furthermore, a combination of these components could provide for 
localized control decisions and automatic actuation. 

Another option for power and data retrieval is a hard- wired connection to the 
surface. This requires the use of an electrical conductor that can couple the sensor to a 
power source and/or be used to transmit the data. During completion operations, the 
completion string is pieced together from individual lengths of tubing. Each is screwed 
together and then lowered into the well. A coupling is formed between adjacent pieces of 
tubing the completion string. Figure 7c depicts a clamshell device that simplifies the 
electrical continuity across these threaded joints. 

Figures 7a and 7b illustrate a first embodiment 100 of the present invention. An 
inner mandrel 120 can have a plurality of flow apertures 122. As with prior art designs, 
an outer screen 124 is used to minimize the flow of sand through apertures 122 and into 
the production tubing. The outer screen 124 is spaced apart from the inner mandrels by a 
plurality of rods 126 coupled to the inner mandrel 120. A sensor 102 is shown attached 
to the inner surface of the outer screen 124. However, a sensor 102 could also be placed 
on the inner mandrel 120 or coupled to a rod 126. Indeed, in one embodiment, a sensor 
could even be placed on the outer surface of the outer screen or inside the mandrel. Each 
of these placements may present its own engineering challenge with regards to 
survivability, but in each case, the sensor is still relatively close to the interface with the 
production interval. 

Figure 7b illustrates a special coupling 130*that connects to sections of gravel 
pack assembly. The coupling has a threaded portion to connect adjacent sections. Also, 
an annular space 132 is formed within the coupling 130. Within this annular space, a first 
connector 134a is a termination point for the conductor 136a that is found in the first 
section. The conductor is typically an electrical wire, although it could also be a coaxial 
cable or any other signal transmission medium. A conductor 136b is located between the 
first connector 134a and second connector 134b. Another length of conductor 136c is 
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located in the .second section 100b. Thus, in practice, the sections are brought together 
Conductor 136a is connected to connector 134a, while conductor 136c is connected to 
connector 134b, wherein both connectors arc located in the coupling 130. The sections 
are then coupled together by the coupling 130. 

Figures 7c and 7d depicts a dare shell device 130 that simplifies the electrical 
connection across the threaded joints. The sand screen sections are threaded together 
ustng couplings as shown. The electrical conductor termination blocks 136 are reounted 
to a blank portion of , he screen inner mandrel 120. The two piece clam shell continuity 
dev.ce 130 has matching spring loaded continuity connectors that engage the conductor 
termmation Nocks to promote a high grade electrical connection. The clam shell pieces 
are attached after the tubing is threaded together. 

Figures 8a and 8b illustrate another embodimentof the invention wherein 
multiple sensors are placed within a gravel pack assembly. An inner reandrel 120 can 
have a plurality of flow apertures 122. As with prior „ designs, an outer screen 124 is 
used to minimize the flow of sand through apertures 122 and into the production tubin. 
The outer screen 124 is spaced apart from the inner mandrels by a plurality of rods 126 
coupled to the inner mandrel 120. A sensor 102 is shown attached to the inner surface of 
the outer screen 124. Again, the sensor can beplaced in several different ,ocations on the 
grave, pack assembly. Indeed, if multiple sensors are used, several may be on ,he inner 
surface of the outer screen, while others are attach* to rods and so form. A novel aspect 
of tins embodiment is the location of the conductor that is located within the wire wrap 
that constitutes the outer screen. The outer screen can be a wrap ofgenerafiy hoHow wire 
A conductor 136 can be nested within that wire wrap. The conductor 136 can be used for' 
both power supply to the sensort» or data transmission to the surface 

Figures 9a and 9b illustrate the use of multiple sensors along the length of a 
grave pack assembly. A single conductor 136 can connect each o, these sensors. For this 
embodunent, each sensor in the array can be given an address. And while a (l)x(6) array 
is shown, any (X)x(Y) array of sensors can be used. 

An important advantage of placing sensors on the sand screen is the ability ,o 
determrne how „e,l the ^vel has been placed during com pI e,io„. For instance, the 
gravel pack has a density. This density could be defined using a piezo-electric 
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material (PEM) sensor. The sensor has a resonant frequency that is damped in higher 
density fluids. Thus, a PEM sensor can be used to determine the quality of sand 
placement. If placement is inadequate, a special tool such as a vibrator can be used to 
improve gravel placement. 

The placement of multiple sensors on a sand screen also allows more precise 
measurement of "skin effect." The well skin effect is a composite variable. In general, 
any phenomenon that causes a distortion of the flow lines from the perfectly normal to 
the well direction or a restriction to flow would result in a positive skin effect. Positive 
skin effects can be created by mechanical causes such as partial completion and an 
inadequate number of perforations. A negative skin effect denotes that the pressure drop 
in the near well-bore zone is less than would have been from the normal, undisturbed, 
reservoir flow mechanisms. Such a negative skin effect, or a negative contribution to the 
total skin effect, may be the result of matrix stimulation, hydraulic fracturing, or a highly 
inclined wellbore. It is important to realize that there may be high contrasts in skin along 
the length of the production interval. Thus, the use of multiple sensors allows the 
detection of the specific locations of positive skin indicating damage. This allows 
corrective action to be taken. 

Multiple sensors also allow the detection of flow rates and flow patterns. For 
instance, gravel placement typically displays an alpha wave and a beta wave during 
completion. The alpha wave refers to the initial gravel buildup from the bottom of the 
hole up along the sides of the sand screen. The beta wave refers to the subsequent filling 
from the top back down the side of the initial placement. 

Figure 10 shows an embodiment of a control system 200, The control system 
can include multiple sensors 202, a microprocessor 204, a motor/pump assembly 206 and 
a hydraulically positionable sleeve 208. In one embodiment, a first and second sensor 
202 are located on the internal surface of inner mandrel 120. These sensors 202 can be 
used to determine internal tubing fluid conditions such as temperature, pressure, velocity 
and density. Signals from the sensor 202 are interpreted by the microprocessor 204. The 
microprocessor 204 is typically housed within the motor/pump assembly 206. 

The sleeve is moved to block the selectively the ports 214 in the base pipe 212. 
The sleeve is moved by pumping fluid into either a first chamber 216 or a second 
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chamber 218. These chambers are divided by seals 220, 222. A control signal, such as an 
AC voltage, is sent to the motor 206 and the pump delivers hydraulic fluid to the chamber 
to move the sleeve 208. As shown, a sleeve-208 is moved to a position where the flow 
ports are covered thereby restricting flow,, but alternative flow port arrangements abound 
in practice and this one example should not limit the scope of the present system. In use, 
the motor/pump assembly 206 is given a control signal from the microprocessor to 
operate. A first port 224 is the inlet port and port 226 is the outlet port in configuration. 
Fluid fills chamber 218 in this case and the flow control sleeve is moved to the closed 
position as shown. When flow is desired, the pump is operated in the opposite direction 
and fluid is moved from chamber 216 to chamber 218 and the piston moves the flow 
control sleeve to the opposite extreme and the flow ports in the base pipe are uncovered 
allowing flow to recommence. A sensor 228 can be used to determine the position of the 
sleeve 208. Likewise, a sensor 230 can be used to determine well conditions outside of 
the tubing. 

The description of the present invention has been presented for purposes of 
illustration and description, but is not limited to be exhaustive or limited to the invention 
in the form disclosed. Many modifications and variations will be apparent to those of 
ordinary skill in the art. For example, while data transmission has been described as 
either by wireless or wireline, a combination of the.two could be used. The embodiment 
was chosen and described in order to best explain the principles- of the invention the 
practical application to enable others of ordinary skill in the art to understand the 
invention for various embodiments with various modifications as are suited to the 
particular use contemplated. 
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CLAIMS: 

We claim: 

1. A gravel pack comprising: • • 

(a) an inner mandrel having at teast one aperture therethrough; 

(b) an outer mesh separated from said mandrel by a spacer; 

(c) a sensor coupled to said gravel pack. 

2. The gravel pack of Claim 1 wherein said sensor is coupled to the outer mesh. 

3. The gravel pack of Claim 1 wherein said sensor is coupled to said inner mandrel. 

4. The gravel pack of Claim 1 further comprises power means for powering the 
sensor. 

5. The gravel pack of Claim 4 wherein said power means comprises a battery 
coupled to the sensor. 

6. The gravel pack of Claim 4 wherein said power means comprises a conductor 
from the sensor to a surface power source. 

7. The gravel pack of Claim 1 wherein said sensor comprises a pressure sensor. 

8. The gravel pack of Claim 1 wherein said sensor comprises a temperature sensor. 

9. The gravel pack of Claim 1 wherein the sensor comprises a sensor made of a 
piezo-electric material. 

10. The gravel pack of Claim 1 wherein said sensor comprises a density meter. 

11. The gravel pack of Claim 1 wherein said sensor comprises an accelerometer. 
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12. The gravel pack of Claim 1 wherein said spacer comprises a plurality of rods. 

13. The gravel pack of Claim 12 wherein at least one rod is substantially hollow and 
contains a conductor coupled to the sensor. ' 

14. The gravel pack of Claim 1 wherein said outer mesh comprises a substantially 
hollow wire wrapped circumferentially around the spacer, wherein a conductor is located 
within said hollow wire. 



sensor. 



15. The gravel pack of Claim 1 further comprises a memory coupled to the : 

16. The gravel pack of Claim 1 further comprises a microprocessor coupled to the 



sensor. 



sensor. 



17. The gravel pack of Claim 1 further comprises a transmitter coupled to the 

18. The gravel pack of Claim 1 further comprises a receiver coupled to the sensor. 

19. The gravel pack of Claim 1 further comprises a transceiver coupled to the 

20. The gravel pack of Claim 1 further comprises an actuator coupled to the 

21. The gravel pack of Claim 20 wherein said actuator is a vibrator. 

22. The gravel pack of Claim 20 wherein said actuator is a hydraulically positionable 
piston. 

23. The gravel pack of Claim 20 wherein said gravel pack system is a single trip 
multi-zone gravel pack assembly. . 



sensor. 



sensor. 
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24. A method of collecting data from a downhole environment comprising the steps 
of: 

(a) lowering a gravel pack assembly into the downhole environment; wherein a 
sensor is coupled to the gravel pack assembly; and 

(b) collecting data from the sensor. 

25. The method of Claim 24 wherein step (a) further comprises coupling the sensor to 
an outer screen on the assembly. 

26. The method of Claim 24 wherein step (a) further comprises coupling the sensor to 
an inner mandrel on the assembly. 

27. The method of Claim 24 wherein step (b) comprises coupling the sensor to a data 
collector with a conductor located in a hollow spacer between an outer mesh and an inner 
mandrel of the assembly. 

28. The method of Claim 24 wherein step (b) comprises coupling the sensor to a data 
collector with a conductor located in a hollow wire wrapped around an inner mandrel of 
the assembly. 

29. The method of Claim 24 further comprises: 

(a) actuating a downhole device in response to a data signal from the sensor. 
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30. A method for placing sand around a gravel pack assembly including the steps of: 

(a) gathering data in real time from a sensor coupled to a gravel pack assembly 
having a sand screen; 

(b) flowing a sand suspended in a fluid into said assembly wherein sand is 
deposited between the sand screen and a formation; 

(c) actuating a vibrator that redistributes sand between the sand screen and the 
formation. 

31. A method for modifying a production profile in a producing well including the 
steps of: 

(a) sensing a flow characteristic or a fluid parameters from sensors located on a 
sand screen in the well; wherein said sand screen is located adjacent to a 
flowing; and 

(b) motivating an actuation system to reconfigure the flow area through the 
screen 

32. The method of Claim 31 wherein step (b) further comprises hydraulically 
actuating a positionable sleeve; wherein said sleeve is slidable over a port in an inner 
mandrel of said sand screen. 
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[received by the International Bureau on 14 November 2001 (14.11.01); 
original claims 1-2, 24-26 and 30-31 amended; new claims 33-50 added; 
remaining claims unchanged (5 pages)] 

WE CLAIM 

1 . A gravel pack comprising: 
a sand screen having 

an inner mandrel with at least one aperture therethrough, and 
an outer mesh separated from said mandrel by a spacer; and 
a sensor coupled to said screen. 

2. The gravel pack of Claim 1 wherein said sensor is coupled to said outer mesh. 

3. The gravel pack of Claim 1 wherein said sensor is coupled to said inner mandrel. 

4. The gravel pack of Claim 1 further comprises power means for powering the 
sensor. 

5 . The gravel pack of Claim 4 wherein said power means comprises a battery 
coupled to the sensor. 

6. The gravel pack of Claim 4 wherein said power means comprises a conductor 
from the sensor to a surface power source. 

7. The gravel pack of Claim 1 wherein said sensor comprises a pressure sensor. 

8. The gravel pack of Claim 1 wherein said sensor comprises a temperature sensor. 

9. The gravel pack of Claim 1 wherein the sensor comprises a sensor made of a 
piezo-electric material. 

10. The gravel pack of Claim 1 wherein said sensor comprises a density meter. 

1 1. The gravel pack of Claim 1 wherein said sensor comprises an accelerometer. 
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24. A method of collecting data from a downhole environment comprising the steps 
of: 

(a) lowering a gravel pack assembly into the downhole environment; wherein a 
sensor is coupled to a sand screen which forms a portion of said gravel pack assembly; 
and 

(b) collecting data from the sensor. 

25. (The method of Claim 24 wherein step (a) further comprises coupling the sensor 
to an outer screen of said sand screen. 



26. The method of Claim 24 wherein step (a) further comprises coupling the sensor to 
an inner mandrel of said sand screen. 

27. The method of Claim 24 wherein step (b) comprises coupling the sensor to a data 
collector with a conductor located in a hollow spacer between an outer mesh and an inner 
mandrel of the assembly. 

28. The method of Claim 24 wherein step (b) comprises coupling the sensor to a data 
collector with a conductor located in a hollo w wire wrapped around an inner mandrel of 
the assembly. 

29. The method of Claim 24 further comprises: 

actuating a downhole device in response to a data signal from the sensor. 
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30. A method for placing sand around a gravel pack assembly including the steps of: 

(a) gathering data in real time from a sensor coupled to a sand screen of a gravel 
pack assembly; 

(b) flowing a sand suspended in a fluid into said assembly wherein sand is 
deposited between said sand screen and a formation; 

(c) actuating a vibrator that redistributes sand between said sand screen and the 
formation. 

31. A method for modifying a production profile in a producing well including the 
steps of: 

(a) sensing a flow characteristic or a fluid parameters from sensors located on a 
sand screen in the well; wherein said sand screen is located adjacent to a production 
region; and 

(b) motivating an actuation system to reconfigure the flow area through the 

screen. 

32. The method of Claim 31 wherein step (b) further comprises hydraulically 
actuating a positionable sleeve; wherein said sleeve is slidable over a port in an inner 
mandrel of said sand screen. 

—33. A sand screen for use in the production of hydrocarbons from wells, said sand 
screen having a sensor attached to said sand screen. 

—34. The sand screen of Claim 33 wherein said sensor is coupled to an outer mesh of 
said sand screen. 

—35. The sand screen of Claim 33 wherein said sensor is coupled to an inner mandrel 
of said sand screen. 



—36. The sand screen of Claim 33 further comprising a battery coupled to said sensor. 
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-37. The sand screen of Claim 33 further comprising a conductor from said sensor to a 
surface power source. 



-38. The sand screen of Claim 33 wherein said sensor comprises one of a group 
consisting of a pressure sensor, a temperature sensor, a density meter, and an 
accelerometer. 

-39. The sand screen of Claim 33, wherein said sensor is coupled to one of a group 
consisting of a memory, a microprocessor, a transmitter, a receiver, a transceiver, and an 
actuator. 



-40. A sand screen for use in the production of hydrocarbons from wells, said sand 
screen comprising a conductor connected to carry a signal across at least a region of said 



sand screen. 



--41 . The sand screen of Claim 40, wherein said conductor couples a battery to 



sensor. 



-42. The sand screen of Claim 40, wherein said conductor couples a surface power 
source to a sensor. 



-43 . The sand screen of Claim 40, wherein said conductor is routed through a 
substantially hollow spacer in said sand screen. 

-44. The sand screen of Claim 40, wherein said conductor is routed through a 
substantially hollow wire that is circumferentially wrapped around a mandrel to form said 
screen. 

-45. A method of making a sand screen for use in a well that produces hydrocarbons, 
said method comprising the steps of: 

forming a substantially hollow, cylindrical mandrel; 
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encircling said mandrel with multiple wrappings of a trapezoidal screen wire that 
is separated from said mandrel by a plurality of cylindrically arranged ribs, wherein said 
trapezoidal screen wire or one of said plurality of said ribs is an essentially hollow 
. element; 

welding said trapezoidal screen wire to said plurality of ribs wherever said wire 
crosses one of said plurality of ribs; 

running a conductor through said essentially hollow element; and 
connecting a sensor to said conductor. 

—46. A method of conducting a signal across a sand screen that is part of a gravel pack, 
comprising the steps of: 

running a conductor through a hollow element of said sand screen; 

attaching said gravel pack to a tool string; 

ninning said tool string down a borehole; and 

sending a signal through said conductor. 

—47. The method of Claim 46, wherein said hollow element of said sand screen is a 
wire that is circumferentially wrapped around a mandrel of said sand screen. 

—48. The method of Claim 46, wherein said hollow element of said sand screen is a 
spacer that holds a circumferentially wrapped wire away from a mandrel of said sand 
screen. 

—49. The method of Claim 46, wherein said conductor carries power to a sensor. 

—50. The method of Claim 46, wherein said conductor connects a sensor to a 
microprocessor. 
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